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This note describes a search for A, — pK and Ay — pm. The analysis is based on an integrated
luminosity of 193 pb~! collected with the CDF II detector. The preliminary result is an upper limit
on the Branching Ratio. We find BR(A, — hh) < 22. x 107% at 90% C.L.

Preliminary Results for Summer 2004 Conferences



I. INTRODUCTION

Detection of Ay charmless decays into hadrons is one of the challenging goals of CDF II [1]. In those decays, a quite
large direct CP violation is expected [2].

This note describes a search for the decays Ay = pK and Ay — pm in Pp collisions at /s = 1.96 TeV with the
CDF detector at the Fermilab Tevatron. Such decays have not been seen up to now. The current upper limits on
the Branching Ratios are 50. x 1075 on each of the decay modes [5]. Theoretical predictions are between 10~% and
2. x 1076 [6].

The Branching Ratios BR(A, — hh) are normalized to the Branching Ratio BR(BY — K7) = (1.74+0.15) x 10~°
[3]

The relationship between the Branching Ratios and the number of observed events is the following:

exfaBR(Ay = hh)  N(Ap — hh)

GBfBBR(Bd — Kﬂ') - N(Bd — KT[‘)

where:
e N is the number of observed events (A or Bg);

e ¢ (ep) is the total efficiency (trigger, reconstruction and analysis) for observing a A, (B°); The efficiency ¢, is
assumed to be the same for the two decay modes pK and pr;

e fa (fB) is the b-quark hadronization fraction for the A, (B°). We use the following values [4]: fo = 0.094+0.17,
f5 = 0.397 £ 0.0010, fs/fs = 0.25 + 0.04

The number of observed By — K7 decays is a fraction of the total number of B — hTh™:
f=N(By— Kn)/N(B — hth™)

Therefore

N(Ay — hh)

_eafafN(B—= hth)
o 6BfBBR(Bd — K7r)

We call A the acceptance.

II. DATA SAMPLE & EVENT SELECTION

The analysis is performed on data taken with the CDFII detector between February 2002 and September 2003,
corresponding to an integrated luminosity of 193 pb~!.

The data are collected with the “Two-Track Trigger”, which selects events containing track pairs coming from
secondary vertexes.

CDF uses a three-level trigger. At first level, the XFT (eXtremely Fast Tracker) reconstructs and selects tracks
with transverse momentum pr > 2 GeV/c.

At the second level the SVT (Silicon Vertex Tracker) measures the track impact parameters (dg) and selects tracks
pairs coming from secondary vertexes by cutting on dp.

At the third level a complete event reconstruction is performed, and the level 1 and level 2 requirements are
confirmed.

In order to look for Ay, — pK and pr decays, the invariant mass of track pairs is calculated by assigning the mass of
the 7 to both tracks. The reason is that such assignment maximizes the separation between the peaks of the B — hh
and the Ay decays in the mass spectrum.



A. Optimized Search

The selection optimization has been performed using the estimator defined in [7]. This estimator provides optimal
cuts which are good for signal measurements and for setting an upper limit on it.

The optimization has been performed hiding the signal region in the invariant mass spectrum and using only events
with even trigger numbers, i.e. 50% of the total sample. In fact, we want to avoid using the same sample for both
optimization and background calculation, since we can introduce a statistical bias due to fluctuations.

For each set of cuts, the value of the background has been obtained by fitting the sidebands in the invariant mass
spectrum and integrating the fitted function in the signal region.

The reconstruction efficiency for the signal has been evaluated using a Monte Carlo.

III. BACKGROUNDS

The background in this analysis is given by track pairs which accidentally have an invariant mass close to the mass
of the Ay (“combinatorial background”) and the tail from the B — hh signal.

The background has been calculated by fitting the invariant mass spectrum and interpolating in the signal region.
Only events with odd trigger numbers were used.

In order to evaluate the systematic uncertainty due to the shape of the background, different functions have been
used. Such a systematic affects the number of B — hh events used for normalization.

The value for the expected background in the signal region is:

b="772+31

where the error includes both the statistical and systematic errors.

IV. SYSTEMATIC UNCERTAINTIES

Systematic uncertainties on the acceptance come from the following sources:
e shape of the background in the signal region of the invariant mass spectrum (it affects the expected background);
e the number of B — hh reconstructed decays is also affected by the shape of the background;

e relative Branching Fractions of Ay — pk and Ay — pmr, since the two decay modes have a different reconstruction
efficiency;

e difference between the invariant masses predicted by Monte Carlo and reconstructed in the data;

e difference between the invariant mass resolutions predicted by Monte Carlo and reconstructed in the data;

e uncertainties in the B and A, lifetimes;

o different Level 1 trigger efficiencies for Protons, Kaons and Pions, because of the different specific ionization;
o different pr spectra for B and Ags;

e uncertainty in the Branching Ratio BR(B — K);

e uncertainty in the production fractions of B and Ay.

In table I all the systematic errors are listed.



B — hEhT
Shape of the background [5.7%
Background
Shape of the background [3.3%
Relative Ay /B Efficiency
Ay — pr /Ay — pK ratio 2.3%
Window position 1.2%
Window width 9%
Lifetime 3.6%
L1 trigger efficiency for protons| 6%
pr (Ab) 17%
Overall systematic 21%
[BR(Bs — Kn) [8:6%]
|fa,/f5 [16% |

TABLE I: Summary of the systematic errors.

N(B — hh)| 726 £ 82
eB/en 1.77 £0.37

TABLE II: Measured quantities that enter in the A, acceptance.

V. RESULTS

In figure 1 we show the full mass spectrum with the search window. The total number of events in the signal region
of the mass spectrum is
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FIG. 1: Mass distribution of data with full statistics. The function is the one fitted using only odd events. The continuous
line shows the part of the function that has been fitted while the dashed line cover the part of the mass distribution that has
not been used for the fit. The two red lines define the search window. The two MC plot are the mass distributions for the two
decay modes using an arbitrary scale.



The quantity

N(B — Km)

2 T 0.59 +0.04
N(B = hth) - P9 E00

f=
has been calculated using the fitting procedure used in [8].
The ratio between the number of Ay — hh and the branching ratio BR(Ay — hh) depends on the number of events

of B — hh and the relative efficiency €a /ep. These values are reported in table II. The measured value of the ratio
is:

4~ N = )

=2 " —(35+1.1)-10°
BR(Ay — hh) (3.5 )-10

The error includes both statistical and systematic errors.
Using a Bayesian method uniform prior distribution, we find that the upper limit on the number of signal events s
is:

s< 75

at 90% Confidence Level.
The upper limit on the Branching Ratio is:

BR(Ay — hh) < 22-107% (90%C.L.)
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